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ABSTRACT ^ 

This report contains a comparative analysis of the 
'differential €:f f ect iveness of computer-assisted ir^struction (CAI) , 
programmed instructional text (PIT) . and lectiire methods of 
^instruction in three medical courses-^tiedical Laboratory, Eadiology, 
and. Dental* The summative evaluation includes (1) multiple regression 
analyses conducted to predict learner performance;. (2) 2x3 analyses 
of variance conducted to iv^.vestigate treatment (CAI, lecture, and 
PIT) and aptitude effect?;: and (3> discriminant analyses of high-fast' 
and low-^slQw achievers is each group to determine the characteristics 
cf learners for whom the particular treatment was effective. The data 
for each course are presented, including charts and graphs, followed. 
„ b y ; _ a s^^^ 

cf the three treatments within each course; decision strategies; 
- learner char acteri sties; characteristics of . high achie vementr-f ast 
CAI learners, high-fast vs- low-slow PIT students, and high vs. low 
achievement lecture students: cost instructional attitudes; learner 
media preferences; and attitude change. Conclusions, recommendations, 
and a list cf references conclude the report. (CHC) 
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COMPUTER-ASSISTED, PROGRAMMED TEXT. A"ND LECTURE MODES OF 
INSTRUCTION IN THREE MEDICAL TRAINING COURSES: 
COMPARATIVE EVALUATION - 



INTOODUCTTON 



Comparative analyses of the differential effeeiiveness of computer-assisted instrueiion (CAl). 
programmed instructional text (PIT), and lecture methods of instruction in field settings have been 
sparse and sometimes equivocal (Dallman & DeLco. 1977; Dare. 1975: Keesler AFB, 1974). 
Presently, it is not known whether one instructional method is more effective than another for 
certain kinds of students confronted by different tasks nor the degree of effectiveness* Rather, it is 
assumed »hat (a) learners possess and employ to a similar^^g ree the s amelcharacteristios-for- 
^RToeessing information and-(b) instructiOTa equally effr^etiye for different kinds 

of tasks and students despite the vast literature on individual differences and task difficulty. 

This report attempts to provide information in the medical training area on the following 
questions: (a) Do CAl, PIT, and lecture differ in instructional effectiveness? and (h) Hnder what 
conditions are CAl, PIT, and lecture differentially effective? 

i. 

Objectives . - 

The major objectives of this field study were to compare CAl with lecture and PIT modes of 
instruction on dimensions of (a) instructional effectiveness, (b) lime-savings, and (c) st-ident 
acceptance. Additionalh%"prc-<^ourse assessment jiicasures were used to attempt to iJcnliiy the 
characteristics (e.g.. aptitude, biographical data, and attitudes) of learners for whom CAl. PIT and 
lecture modes of instruction might be differentially effective in segments of three different training 
courses for medical technicians. f 

a MKTHon 

Students 

, - \/ 

..Three medical training courses (Medical Lafmralory. Radiology, and Uenlal Assistant) were 
selected to provide a range of learner characteristics and course content suitable for generalizing 
results to students in medical courses of comparable difficulty. The Medical Laboratory course 
represented a difficult course requiring a relatively high aptitude level. Radiology and Dental^ 
eoTirses, respectively, corresponded to average^ and iow difficulty courses.^^wilh corresponding 
aptitude levels. The student sample during formative and summalive evaluation consisted of 700 
male and female trainees assigned to the Air Force School of Health (!are Science's at Sheppard AI'B. 
The CAl delivery system used was the PLATO-I V interactive Plasma Panel terminal connected to a 
main frame at the Center for Education Research Laboratory (CERL). University of Illinois. 
Champaign-Urbana via telephone line. The programming language used in PlAtO was TUTOR , a 
language providing realtime author ediiing as well as CAl delivery. I nstruc'tional 
of the courses were developed in CAl formats by on-site experts trained in Tl 



Pre -Course Measures 



!naterials from eacli 

I tor: 



Based upon training task analyses in each course, selecled pre-f'ourse learner characteristics 
measures were developed and admip,i?tered via automated slide-tape lo all slullents prior lo course 



entry. These pleasures inelnde (a) the medical version of the Delta Rt-adine Vocahuhiry (r^^ =.BB) 
(l)eignan, 1973). (b) the General Aptitude Index frbni the Armed Serviees Vocational Aptitiule 
Battery (ASVAB) (r^^. = .87). and (e) the memory (r^^ = .66). visualization (r^^ .77). and 
biographical measures from the Delta Training .\ptitude IBattery (l)eignan. 1*)76). In addition to 
validity studies of the Delta currently in progress in both military and civilian environments, 
previous studit^s. (Cbllins. Dansereau. HoIIey.'M cDonald. Garland. 1*)7B: Dansereau. et. al. 1973. 
1075. 1978; Deignan Duncan. 1 977rDTekhoff. 1977: McCoombs. Deignan. Si ring. 1975: 
\loore. 1975: and Long. 1976) have reported predictive validities ranging from r =.45 to r =.75 in 
studies, employing university or military students from a variety of courses. Measures \vrre 
administered prior to course entry to aid CAl authors in the development and formative evaluation 
of instructional material appropriate to the target population in each course. These control measures 
were subsequently used to assjst sununative eviilualion in terins of t»xplaining. interpreting, and 
generalizing comparative performance results. 

0 

iVI a tf rials Development Procedure 

Prior^to CM lesson development, pri^diction of course criterion af'hicvement from prc-<'0urse 
learn(^r (characteristics was acco m plished - by means of multipN* J regrt^ssion analyses. By 
trichotomizing the distribution of the highest aptitude predictor of achievement (Delta Reading 
Vocabulary?, low.'^niiddlo. and high aptitude groups were formed for each course, (iriterion-related 
learner characteristics were? used to assist CAl authors in the initial development of i:istru(*tional 
materials and strategi(\s appropriate to the target population in each course. Hence. (^Al materials 
development and validation were based- upon a studenfprofile of characteristics known to be related 
to course achievement. This approach, therefo re. prepared authors for the range, of learner skills, 
aptitudes, and attitu(l<ts for which instruction was intended. Likewise. prc-<*ours<» learner 
characteristics informatio i sug:TC£;ied how authors might best design (^A I lessons and branches to 
cope with such factors as: (a) deficient reading skills, (b) concent ration-rel<Mitior, (capabilities, (c) 
learnt'r stfategies for procu^ssing inf<>i"mation. and (d) initial motivational level. Similarly, to as>iist 
formative evaluation, al! ('.A I ^^udents in the threr courses were administered an on-line iUtitude 
survey which contained Likert-lype items with response alternatives ranging from highly 
unfavorable (e) to highly favorable (a). , _ 

Fonnative Kvaluation . ' . 

Formative evaluation consisted of an experimental pi^riod of initial instructional materials 
development. chara(i(?rized. by lesson and test dcvclopnio:}* . materials tryout. and subsequent 
instructional revision. Small numbers of students were administered newly developed lessons to 
provi(l(*. (!A I authors with student attitudes toward ('..A I. Following small group lesson revision. large 
group pilot studies were conducted on representative samples of stud<*nts from each course: (a) to 
ensure lessons**^satisfaciorily su]) ported attainment jj)f instructional objectives, (b) to provide 
preliminary statist i(*al data on r<*presentalive student performance, e.g.. achievement scores, time to 
(*onipletion. and eiu bedded lesson test item statistics keyed. to specific instructional lesson segin.ents. 
and (c) to further indtvidualiz<* instruction by such means as compensatory branches, additional drill 
and practice or (\\amples. and graphic simulations. 

Sumniativc Evaluation 

In contrast to formativ<* evaluation, summative evaluation initiated a period in which all 
instructional materials, procedures, iind <*val nation m(*asurcs remainiMl constani, (^>mparison 
between C\\ and non-dAl delivery (l<*ctureor PIT) was made on identical instructional ol)jectives 
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and criterion inensures (Table I). Criterion measures included post-instruclional measures ol 
achievement, elapsed "time to complete instruction, and attitudes toward CAI. PIT. and lecture. One 
hundred students were programmed for assignment to each CAI and non-CAI controlcondition w 
each course during summative evaluation. In some analyses, the sample size was h-.ss than .1 (H) 
subjects per condition because some students lacked complete data on pre-< ourse assess men tcand /or 
^criterion data! 



Table I . Sample C e IJ S iz e b y C o u re e , Trv a tnie n t a iid A p titud e Le ve Ls 
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Major Statistical analyses. included: (a) multiple regression analyses conducted to predict learner 
performance, (b) 2 x 3 analyses of variance conducted to investigate treniment (CAI. lectuic. and 
PIT) rnd aptitude effects, to include possible interactions between treatments and aptitude levels, 
and (o) discriminant analyses of high-fast and low-slow achievers in each treatment to determine the. 
characteristics of learners for whom CAI. PIT. and le-tiire were effective. 

DL RESUL'IS ' 

To compare within-course CAI and non-CAI I nstructional effects at low. middle, and high reading 
vocabulary aptitude levels. 2 x 3 an^ilyses of variance were performed in each course separately. 1 o 
compare time-to-completion differences between constant time lecture treatments and variable time 
CAI treatments, the standard error of the difference scores at each aptitude level was determi ned to 
be the appropriate statistical analysis (PennelL 1978). Appendix A includes the achievement cell 
mean (X) and the standard deviation (Sd) by aptitude, treatment, and course. Appendix B includes 
the time-to-co'mpletjon cell X and Sd by aptflude. treatment, and course. Appendix C includes the 
overall main effect X and Sd inder^endent of aptitude. 



Medical Laboratory 

In the M edical Laboratory course, the 2 x S^analysis of variance of achievement scores, as shown in 
Table 2, revealed significant main effects for'both treatments, F(1.177) =54.51. p =^.001. and 
aptitude. F(2, 177) =5.41 , p 1 . G raphic illustration of the data is shown in Figure 1. 
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Figure I. Medical Laboratory achievement as a hinodbn of aptitude 
level and CAI vs. lecture conditions. 
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Inspection of Figure 1 reveals the average achievemenl of CAI students %vas 18 percentage points 
higher. t(l,53) =5.21, p ^ ,00L than lecture controls at the low aptitude level. Similar CAl' 
achievement superiority in comparison to Medical Laboratory lecture controls was also reflected al 
the middle aptitude (88% vs 75% ).t(l:71) =4.14. p ^.001 . and high aptitude lev.els (92% vs79%). 
i{L57) =3.49, p ^001. 

Time-lo-completion difference scores (Table 3) between iMcdical Laboratory lecture and each 
CAI aptitude level revealed significant differences in favor of CAI at the mid (t(1.70) =2.31, p =^.02) ' 
and high aptitude CAI levels. t(l.56) =7.84. p ^.001. The time difference at the low aptitude level 
was not significant. How ever; as noted above, the achievement of the low aptitude CM students^ as 
significantly better than their lecture controls. In fact, as shown in Figure 1 . the average achievement 
of the low aptitude CAI students is higher than that of both the mid and liigh altitude lecture 
students. Thus, it is probable that if all groups had been trained to the same criterion levei. there 
would have been a significant time savings in favor of C.\l at all levels. 

The C.AI-leeture tr^Stment by aptitude time difference scores shown in Figure 2 indicated CAl 
time savings exceeded 11% at the miu and 33/o at the high aptitude levels within the Medio;?! 
Laboratory course. 



"Table The Grand Mean of Difference Scores and tlie Standard Error 



of lKe~Diffe re rie trSirorels~lo""Te s t"the-Diffe re nc e-be twe e n-Lecture^- 
Time to Complete (a constant of 540) and CAl Time to Complete 
Instruction at Tliree Aptitude Levels in llie Medical Lab Course 



X = 76.000 
Sd =226.091 
Se = 24.523 
n = 86 CAl 



t =76/24.523 
t =3.10** 



Low .Aptitude Time Difference 
Middle Aptitude lime Difference 
High Aptitude Time Difference 

t (Low apt) =1.31 
t (AHd apt) =2.31* 
t (High apt) :=7.84*** 



-32.0476 
56.6410 
192.3077 



Radiology 

The. 2 X 3 analysis of variance of achievement scores within the^ Hadiologv course is shown in 
Table 4. In addition to a stati.stically significant aptitude main effect. F(2.149) =6.26. p ^.OL a 
significant C.\ l-IMT treatment x aptitude interaction. F(2.149) =9.22. p ^.001 . was founcl. However.* 
the CAI vs. PIT main effect comparison was not significant (p ;^.(*7). 

"^"^1 n^pection of the interacticin shown' in Figure 3 reveahvl low apt%^i<de CAl students scored 7 
percenlagtrppiijujTigher. t(l.57) =2.56. p ^.01. in aehii;;vennMit thar did low aptitude IMT students.. 
No statistically signTfiranLJi^^aliTU^ differences were found at the middle aptitude level: however, 
high aptitude CAI acthjevcjtient was 9 perecntage points greater. t(1.26) =2.70. p ^.01 than high 
aptitude PIT (Jontrols. .. . ' 1 



z 

Ui 
CE 
Ui 



O 
Ui 



6 
< 



200 
180- 
■ 160 
140- 
120 
100 
-80 
60 
40 
20 
0 

-20 
-40 
• -60 
-80, 
-100, 
-120 
-1.40 
-160- 
-180- 
-200 



"LOW- 



3 — 

MID, 



- I , 
HIGH 



DELTA READING VOCABULARY 



Figure 2, iMedJiial Laboniton CAI tii!ie U) completion diflttrtMicVs 
from Uie Xas a ftim-liori of n-adiiig vocabiilan' lewL 



Tabli' /. AiialysLs of\'aria?ire of Achievcn!tM!t Sroi\'s forPFI-CAl 
IhralJiUMits and Aplitiule Ix'vcl Coiidilioiis in tiie Radiology Coui>e 
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\Vigurv 3. Radiology ucliieveinent a.s a fiiiu tioii ofapdtiule le\\'l \ 
i'" ' \ ^; and CAI v.s. Prr conditions. 

In Table 5. 2 x li/analysis of variance ol lime-loHomplolj; instruction in the K adioJoj!;y ronrso 
^'revealed a significant main effect for aptitude. F(2.143) =9,1.'^. p ^.001, and a significant C.AI-IMT 
trealnient '^x aptitude interaction. F(2.U 9) = p ^ .01. The main effect for treatment 

' approached. l)U.t did not rea(^h. significance (p ^.09). . \ 

■a • 

Tabl^ 5. Analysis of Variance. of Tirt^e to Complete Instruction forPrP-CAI 
Treatnients and Aptitude Level Conditio ns, in tlie Radiology Couree 



Sounre 


df 


^ ^ Sum of 
S (J till n*s 


Mean 
S<ni«pi* 




Main Effects ' 
CAI vs. PIT (A) 
Apti.tude (B) - 


1 

2 


16.4.^5.744 
H).^.5()4.2B4 


y 16.435.744 
52.752.142 


2.84 
9.13** 


A^ ' B Interactions 
%ithin 


2 * 
149 


77.307.475 
,/ 860.784.057 


38.653.738 . 
.5.777.080 


6.69*' 


Total 


1.S4 " 


1.071.381.510 







Low aptitude CAI students demonstrated a 17% savings in time to (Complete instruction. t(1.53) = 
2.33^j) =^,02.M'hen compared to their low aptitude PIT counterparts.^as d<;picte(l in Figur<! 4./rji<! 
lendency'of high aptitude CAI students ib progress faster than high aptitude PIT students was not 
statistically significant. t(r.56) =1.65. p^ .12. This result may in part- Ixi due-lo the greater 

■ ■ . " . ■. ■ 11 ,, 




completion time variance of the PIT students (Sd -B6.89) in comp'arison to CAI student (Sd == 
46.54) variance. (However, here again, the CAI time savings prohably Would have been signifieant 
had the level of aehieveinent been controlled.) 

Deilta] CoURC 

Dental course 2x3 analysis of variance of achievement is reported in Table 6. Only the main 
effect.for.aptitude level \^'as statistically significant. F( 2. 96) =7.38. p ^.001. 

Graphic representation of the Dental CAI -lecture treatnn^nt by -aplitude level effects sho\^n in 
Figure 5 revealed that low aptitude CAI students tended to score 7 percentage points higher than low 
aptitude lecture controls. Due to the joint effects of moderate achievement criterion reliability (r , , = 
.58) and lack of low aptitiide-critcrion score matches, the small sample (N =7) at the low aptitude 
lecture level in contrast to the low aptitude CAl sample size (N =30)* may have precluded statistical 
si/;nificance,t(K35) ==1.27, p =^.21. ^ 
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\ible 6. Analysis of Variance of Acfiievenient Scores for 
CAI-Lee.lure Treatments anti Aptitude Level Conditions 
in tlie Dental Couree 
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Figure 5. Dental achievement as a function of aptitude 
level and'CAI vs. lecture conditions. 
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Analysis of time (Table 7) to complete iiistriielion wilfiin ifio Denial course resulted in slatislieally 
signifieant differences in time at each aptitude level. Examination of time to completion (Figure ()) 
revealed high aptitude CAI students completed instruction in 20% less liiue. t(l,30) =13.32. p ^ 
.001). middle aptitude studeuu • ^ 15% less time. t(L3l) =7.3«. p ^.001. and low aptitude students 
in 9% less time. t(L36) =3.«Lp ^;001 than lecture controls. 



T able 7. Tlie Grand Mean of Difference Scopl'S and tlie StaudanI Emir 
ofllie Differenee Scores to Test tlie DiffeaMiee between Ixelure 
Tune to Complete Ins true tioii (a constant of 540) and CAI Tiine 
to Complete Instruction at All Aptitude Levels in tlie 
Denliil Course 



X" = 8()o062 
Sd =l()0.()172 
Se = 11.3203 
u - 79 CAI 



Low Aptitude Time Difference = L3.1()07 
Middle Aptitude Time Difference = «3,57 1 1 
Hi,':li Aptitude Time Difference = 153,0170 



t -=86.6962/1 1.3203 
I = 7.66* 



I (Low apt) = 3,81* 
I (Mid apt) = 7.38* 
t (High apt) =I3..")2* 
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ril^iirr 6. Dentil] CAI tinu* to ('omplelion diffcnMHU»s fn)m tlic X 
as a function of readiii):r vocabulan* level. 



Add ilio'iaj. Lea nicr Cilia raf-u»ris li(\s Nariahles 

In addition lo rraclin«i voralndary a|>titii(lr. jirr-coursr nM*asrir<\s dl nmlivalion. s<dr-ron<T|»L 
rof^nilivr stylrs. lrarn<T slralr«:y prrrcrrncr lor prorrssin*: inrornialion and r<'!al<Ml l)Mi}ira|ihi< a! djila 
w>n» rxprrlnl lo hr rrlalrd lo achirvrnirnt and liinc-lo-f:oin|d<Mr Inslnn lion. \rrordin{il\ . nmlliplr 
slrpwisr n*j;r<'ssion analysrs IxMwrrn atdiirvrnirn! and |)rr-<MMn*s<^ IrariUT < |-arachTi>li<-s 1n nu U 
course \v(»rr condnch'd an<l ctos.s-\ alidalrd. 

Within the MjMlical Lahoralory roiirsr. ihc vU\r\' viiriahlt's pnMliilivr ol a<*hi<'v<Mn<Mi.t in<*linl<Mi 
rradinj: vorahular\. inolivarion (\v\r\ of aspiration hi aidiicx*), s<dr-roin <'pl. and h'a rn<T >l rah'fiir> 
lor pro(M'ssin«: inrornialion. (H =:(»!. p ^.1)0!). ( iross-validalion ol llir ninllipl<' rorn'lalion on an 
indc>p(Mid(Mil. hold.-oul saniph' rt'VJ'ah'd lillh- .slirinka«i<' (R =..').'>. p sS.OI) 1 ). 

ripirr 7 depicts and Ircinrc a< |jiov<Mn<Mil snir<' dillrriMirrs as a I'nnrlion of irt'ahnrnl and 

Irarncr slralr^y pr<dVr<'iircs Ibr pro<*<vssin«: infornialion l»\ roh\ iina«:(M*\ . or \ <M*l)al paraplirasinfx. 
A nalysi.s of varianrc ol' a< lii<'v<Mncnl st'on* (linVn-in <*s r<-siilhMl in slalislirall\ si«rniriranl main rITrrls 
Tor ireatmrnt. F(L17()) = V)A)'1. p ^.DDl and slrah*j:y pr<*lrnMi.(M's. I*(*2.17()) p ^ .O.'). Tlir 

<y-cal<*sl (linVnMKT in acliirvi'incnl .ImMwimmi (* \I and Irj-lnrr co.nlrols \Niis oi)laintMl l)y li'arni-rs w ho 
|')1^*frrr(Ml iniajirry. In this < as<'. lln* a<*hi<'vrnirnl oI'iIh-C. \l «:ron|'i <-xVrr(i<Ml iIkiI of ils <'orrrspon(h*n«: 
IcMliirc «:roup hy 1') pi'rc<Mila{ir poinls. As noird in l'*i«:nrc 7. (i \l roir h'arnor> rxrrrdrd ihr 
'aVhirvciniMU of hM inrcM-oni nds hy 17 [)<'r< <'nla{:<* poinls. wlirrcas (*M h'armTs \\[n» pr<drrrrd vrrijai 
paraphi asin«: <'\rrll<Mli<M*tnr<' <M)inilcr|»arls h\ 12 pcrcrniajir poinls. 
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Figure 7. Medical laboratory achievement as a function of learner strategy . 
preference for processing information and CAI vs. 
" ' lecture conditions. 
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. Variables predictive of lime to eoin|)Ietion in the Medical Laboratory course included reading, 
vocabulary. self-relianc(!. fic^Id iiidependc^nce. self-concept, memory, and learner strategy preferences 
(R =.65. p ^.001 ). Validation of llic multiple correlation on an independ(;nt sample produc(;d slight 
shrinkage in^'the cross-validation group (R =.61. p ^.001). One of s(;veral h^arner characteristics 
i!ound signifi(!antly reflated to tini^! savings included . sc^lf-coneepl measures from the Delta 
Biographical Inventory. Tinie-to-<!onipletion differences hetwc^en CA\ and lecture as a function of 
low. middle, and liigh selfnonci^pt are shown in Figure 8. 
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Figure 8. CAI time to completion dififerences 6x)m tlie X 
as a ftinction of self-concept level in tlie 
Medical Laboraton' couree. 



Tinie to completion as a function or^trealment and self-coneept is sh^own in Figure 8. High self- 
concept CAI sludents'compleled instruction in 32% less time, t( 1.20) =5.04. p =^.0001 . as a function' 
. of CAI than did M edical laboratory lecture controls. , .r 

Within the Radiology coiirse, learner characteristics predictive qf achievement included reading 
vocabulary, memory, level of achievement aspiration, independence, learner strategy preferences:' 
and altitudes toward reading (R- =.65, p ^.001). Cross-validation of the multiple correlation on the 
hold-out group indicated some'shrinkagip, (R =49, p =5.001), in predicting an achievement criterion 
of moderate reliability =.56). Figure 9 depicts treatment achievement score differences as a 
function of three levels 01 achievement aspiration. " . 
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Figure 9. Radiology achievemenl as a function of level of aspiration 
and CAI vs. PFT conditions. 



Statistically significant main effects were obtained for the CAI-PIT treatment, F(l,I34) =1,9S. - ^ 
and achievement motivation factors, F(2,134) =3.95, pj^.OS. Low achievem^'iii : 
students exceeded the achievement of low aspiration Pit students by 6 percon^ m- .)()) 

1 .79, p ^.05, as shown in Fipure 9. 

Learner characteristics predictive, of Radiology time, to completion included reading vocabulary/ 
memory, self-estimates of memory, self-reliance, self-concept, and learner strategy preference (R = 
.60, p ^.001). Shrinkage of the multiple correlation was acceptable, (R =.54, p =e .001). One of 
several learner characteristics found related to completion time was learner self-estimates of memory 
when confronted with lengthy or complex material, as shown in Figure 10. 

Analysis of variance of time as a function of treatment and learhcr self-estiinates of memory 
resulted in statistically significant main effects for treatment. F(l .137) =6.30. p =^.01 . and memory. 
F(2,137) =7.10, p ^.001. Average memory CAl students completed instruction in 20% less time 
than PIT counterparts as shown in Figure 10; ' , 

Dental course learner characteristics prediHiye oT^a^^^ 
. memory, achievement aspiration, self-concept, learner strategy preferences, and ordinal birth rank 
in one's family (R =.67,^p =e00 l). Shrinkage of the m ultiple correlation was acceptable (H =.60. 
.001). Similarly, variables, predictive of time to completion included reading vocabulary, 
achievement aspiration, self-concept, and learner strategy preferences (R =..68. p =e .001). Cross- 
validation yielded slight shrinkage (R =.62, p =^.001). Accordingly. Figure 1 1 graphically displays 
time-to-t'ompletidn differences as.a function of treatment and three fcvels of achievement aspiration: 
low, middle, and high levels of aspiration prior to assignment to CAI or lecture conditions. i 
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hl(2;uri* } 1 . CAI time to com pie lion diffi'iviices &x>ni the X 
as a function oflevt^l of aspiration in tlie Dental oouree. 



Deh'tal course time to completion revealed slaiislieally significant efifecls for CAI-lectiirr 
treatments and motivation. As shown in Figure II, high aspiration CAI students completed 
instruction in 23% less Mm e. t(l38X^=^^^^^^ 

To summarize briefly, in addition to reading vocabulary ap'kude, learner charact(?ristics (e.g., self- 
concept, motivation, independence, and learner strategy preferences) were demonstrated to be 
significantly related to nehievement and time savings in the three courses. Foremost among these 
learner characteristics from the standpoint of consistent relationships to differential performance 
was the motivational variable of achievement aspiration. 

Comparative Failure Rate.*' 

t> ..... 

Average failure rate in the three courses during ihe year prior to CAI intervention was moderately 
(22% ) high. Indeed, one of the factors considered in course selection included course difficulty 
indices as reflected by average achievement attrition and failure rate. Failure rate in the present 
context was defined as the number of first attempt failures on the achievement test. 

Comparative failure rates between CAI {2% ) and PIT (14.9% ) within the Radiology course were 
statistically significant, )t ^ =7-77, p ^^.01. Failure rates between CAI and lecture in the Medical 
Laboratory and Dental courses were not significantly different. 

Student Attitudes 

Student attitudes toward CAI prior to. during, and immediately after CAI, as gathered by the on- 
line scale, was, on the average, favorable and significantly different, t(i;385) =8.61, p ^.001 from 
neutral as shown in Figure 12.it is noted that no significant change in attitude was obtained at the 
pre, interim, or post-CAI, on-line measurement points. 
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Figured 2. Oii-line learner altitudes towaid C AI immediately 
\p^or, during, and subsequent to CAL 



. In contrast, statistically significant aUitiidc iteMns obtained from ihc Delta Post-Instructional 
Altitude Questionnaire adminislered to CAL IM'I\ and lecture studen^j^)i)roximately I week after 
instruction revealed some interesting attitudinal com^mrisons as a fim/Ttion of experiencing CAI and 
non-CAl triMtment' conditions. Signiricantly more ()C \ =ir).:i2. p ^1)01) CAI students (50% ) than 
controls (2.')% ) tended to disagree with the statement that listening to a lecture was generally a hctter 
wav to learn than reading self-paced materials, in contrast, significantly (>rj =12.53. p ^.()(M) more 
CAI student.^ (72%) than controls (51%) agreed they were motivated by the opportunity to 
complete in.slruction as (juickly as possible. Likewise, significantly more (>f| =2:^83. p =S.()()l) CAI 
students (77%) than controls (31% ) felt 'they did a lot more doing than listening during 
instruction." riiough a greater j)ercentage (57% ) of the controls agreed they needed more 
opportunities to practice what they were learning, significantly (>f | =().*M. p ^ ^^>'">) lewcr ( 14% ) 
C.M'Studenls agreed more j^ractice was needed. Additionally, significantly more (>f j =()A)'M p =S.();>) 
C.AI students (W% ) than controls (77% ) agr<;ed they learned best when a variety of visual examph^s 
were provided. 

In comparing student attitudes toward alte-rnative delivery systems (CM. PIT. and lecture), the 
followin]j;data were obtained: 67%) of the CAI students as opposed to I 1% of the eont rols agyMMi that 
CAI. compared to lectures, was less boring (>f | =63.6*^. p =S .001) than lectures. Comparison of 
^ student attitudes toward CAI as opposed to PIT. indicated CAI was perceived as less borii\g (01% ) 
t!ian programmed text (!<)% ) (;^| =3<^.2f). p =^.001). To complete atiitudi.nal comparisons among 
instructional delivery alternatives, significantly ()C \ =I^3.B6. p ^ .01) more (57% ) CAI students 
than control (30% ) agreed with the statement that ' lectures were more boring than programmed 
text.'' However, it is noteworthy that mo/eCAl students (78% ) than controls (55% ) agreed that 
CAI might be best used to teach basic material: whereas, "live" instructors should be used to lead, 
seminar discussion groups to increase student understanding of critical subject mattei (>f |- =1 2.82. p 
=^.002). \- 

Analysis of post-instructional student attitudes within the CAI group solely, revealed a greater 
percentage (56% ) of CAI students agreed than disagreed (32% ) that it was.more interesting to be 
taught by CAI than classroom lecture ()r \ = 4.88. p =e .05) . Considering that only 21% of the 
students expected CAI to be more interesting than lecture prior to assignment to CAI or non-CAl 
conditions, significant poGitive attitude change toward CAI as.a funcli'bn of CAI experience was- 
dcmoMStrated (;^l =26.<Jl.p j^.OOl). ^ ,^ 

•Moreover. .a greater'p<ircentagc of thp>CAI students agreed (58% ) than disagreed (23% ) that 
lessons were successfully completed faster at their own pace under CAI than under conventional 
classrbom-Conditions ()^, =I0.*;3. p ^.02). The majority of CAI students (7« ) also perceived thaf 
••computer administered achievement tests were equally fair for all students (>f | =20.<;3. p =S.Ol) due 
to computer objeetiyity. Interpretation of attitudinal nfsults w 
conditions is deferred to^the Discussion section of this report. 

\: ' . ;. ■/,'... . ' 

....'/ ' *^ n\ DISCIISSK)N 

To answer the question of. whether CAj is instructionally more effective than PIT or lecture, 
independent of aptitude level, data were, obtained (Appendix C) which supported the comparative 
instructional effectiveness of CAI in two of three courses in which CAl and non-CA l students were 
compared to identical instructional objectives. Overall, C A I sludent achievement exceeded student 
achievement mediated by (a) lecture by 13 percentage points and (b) PIT by 3 percentage points. I n 
^ terms of comparative learning time indep^endeni of aptitude. CAI students averaged I 2% to 17% less 
. time.than lecture or PIT students. Thus, if one were interested only in overall comparative 
' instructional effectiveness (disregarding aptitude l(jyel in courses and for students comparable to 



those employed in the present study),.CAI is concluded to be more instriictionallv efficient than 
l9cture or PIT in the Medical Laboratory and Radiology courses. Within the l)ent:il eourso, no 
significant diffcFence between CAl and lecture achievement was found: however, a 17% CAI lime 
savings was obtained. To provide empirical data on the question of whether CAI. lecture and 
programmed te.xt differ in instructional effectiveness as a function of aptitude; level. trcalnuMit by 
aptitude level com p=fisons were made. Results revealed that CAI yielded fjrcatcr acliicveinent and 
lime savings than non-CAI at certain aptitude levels. Tnus, the evid^rc affords au cmpiriral basi.s 
for decisions pertaining to choices among altern£aive instructional modes based upon diffcrenct-s in 
Instructional effectiveness and time savings. 

Medical Laboratoiy 



Within the-M^cal Laboratory course; CAI student achievement suhstantiallv exceeded Medieal 
Laboratory lecture controls at all reading vocabulary aptitude levels. At the low'aptitiule level CM 
students excelled lecture controls by 18 percentage points. Probability of first attempt failure wus 
extremely low (p =.001) foe CAI students, as well as for lecture controls (p =.():^). 

In contrast to achievement findings, learner time to completion as a function of aptitude level 
revealed time savings e.^iceeded 33% at the high aptitude level. Time to completion differences at the 
mid-aptitude level revealed an 11% CAPjplie savings, hut no statistically significant time difference 
at the low apUtude level, compared toilet u re controls. As noted previously, .since CA 1 aehieveinent 
was higher than lecture at all levels of reading aptitude; the obtained CAl'time scores prohahly are 
much higher than required to reach a level of achievement equal to the lecture means. 

Radiology * . 

Achievement differenees hetween CAl and PIT were shqwn to he related to aptitude level in the 
Radiology course. Both high and low aptitude CAI students achieved higher average scores t»ian 
their high and low aptitude PIT counterparts. The effects of horeclom may he one possihle 
explanation of the lower-than-expeeted performance ofPIT students com pared uVC A 1 students at 
the high aptitude level. Indeed, post-irstructional attitudinal data indicated the majority of students 
perceived programmed t^xt to be^n':ore horing than CAI. It is important to empliusi/.e that 
programmed text had been the major instructional device employed in the last few weeks preceding 
the CAI-PIT comparison. In adilition. failure rate was significantly less (2% ) in thf^C AI condition 
than in the PIT condition (14/)% ). ' . ^ 

Unlike Medieal Laboratory course time-tOK'OmpIetion data, the greatest difference in time to 
completion between CAI and PIT occurred. at the low aptitude level in- the Radiology course. Low 
ajHit^de CAl students required 17% less time than their low aptitude PIT counterparts to complete 
uistruLMion.' ^'"'^rthernrorereAi student completion-time variabi 

than PTT time variahility (Sd =101). Such data suggest greater group variahility in time to complete 
mstruclion is'due in part to the problems of control of sfudent time under conditions of self-paced 
prograjnmed instruction. On the other hand, CAI apparently tends to keep students task^»riented 
through the structure and stimulation of interact 

# ^ ■ / . • , ^ - . ^ .. 

'.To surh^^p the case of self-paced PIT vs. CAl. CAl is concluded. to produce ^'reater instructional 
effectiveness in 17% t o 1 B% less time than PIT for low and high aptitude students. Furthermore." 
CAl was shown to produce, time sayings with* 60% less time ya^riahility than PIT. Thus, the 
interactive. eocitroIofOA I may he ref-ponsihle for sustaining learnerju^^^^^^^^ which leads to jnore 
rapid progress than PIT. . ' l-fe^ \ 
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Thoii»|;h no stalistirnlly signiriciinl overiiir iirhiovcimciil sr'orc (iiffrrrnccs wereddhtaiiird hi Oh* 
Dental conrsc. a[)lit\i(lo slralifiration revealed a tendeney for CAI sludenls al ihe low apliuide level 
to achieve more (7% ) than llieir low aptitude ieetifre eontrols. U nfortunateU\ in addition to less ' 
than desirahle J)»:MlaI eoiirse criterion reliability (r^.^. =.5B). the sample si>.e al the low aptitude . 
lecture level was small (N =7) in contrast to th»* low iiptit.ude CA I student (N =30) sample. 

Additional interpretations of the non-si^MiiHeant CAI -lecture instructianal effectiveness (liiTcrence 
findir.jzs in the Dental course may reasonably b.- attribiited to the relative task difficuhy level.of the 
subject matter and lo thr Irarner.characteristics differences in the Dental course relative to the more 
difficult Kiidiolo«zy and Mrdicnl l aboratory courses. Kssentially. C A I as a eompen.*;atory tool may he 
more inslruetionally effecticr in difficult subjeet matter courses which require task-related aptitudes 
and motivation levels sufficient for [)ro('e.ssin<iAmalY/in^ abstract information or learning' complex 
procedures. Less difficult courses aud/or insensitive criterion tests of lower reliability iised lo 
measure achievement diffrrences arc lh<'reforc less likely to demonst rate CA I achievement effects. 
In short, level of task difficulty confronting' ihe learner, criterion reliability and the learner's 
characti-ristics are factors of consideral)le im portance when choosing' iimon^' instructional delivery 
alternatives. 

Time savin«is (lifh'r(»nccs between CAI and lecture in ti'ie Dental. course were found to be 'in at . 
the hi^'h aptitude level and I .V'n at the mid-aptitude CAI levels. Thus, in the case of CA I vs. lecture 
in the most difficult (M edical Laboratory ) anil least dilTiciilt (Dental) courses^ the . following; 
Conclusious appear warranted: (a) to obtain si^mificant time savinf;s (2<>% to :^:V!ti ). .ass.i^ni CAI to 
.hi^'h.,aptitudc siudents. (h) to increase achievement and reduce failures.^assi^'h CAI to low aptitude 
students, and (c) if CAI resources perm it. assi^ni CAI rather than lecture to hi^di aptitude students in 
difficult courses comparable to the .Medical Laboratory course to obtain increased time savinjis and 
instructional effect iviMicss. 

DecEsitui Strategies 

Dcci.sion slralc^Mcs for optimi/.inf: the effectiveness of instructional alternatives require analysis ol 
(a) coursc-specinc properties, (b) task-related learner characteristics.. ,>(c) student flow, (d) 
instructional alternative cost coiiiparisons. and (e) trade-offs re^'ardin^' levels of instructional 
effectiveness and, limc-^lo-com plete instruction. If the 'raining' system is con fronted, with an increase 
in personnel with low reading vocalmlary aptitude, first attempt failures uia) increase in 
convcnhoiially tau^dil courses, allendcd by an increase in time-to-<omplete instruction. If CAI is 
dillVrenlially assi^niedlo lower a|)titu(le st\idents to increase achievement and minimise failure, the 
co.st is little or no time saving's. Conversely, if the jsoal is to nia.\im i/e time saving's, based upon data 
reported bererii. CA 1 un^'hl |»rolMably be assi^'ued lo hi^h reading' aptitude students, who aie 
-,AL\pccle(l to ctnnplete instruction \u'MVV less time. However, opting' for time savinf:s is conducted at 
-the t ost of an int rcaMMnTlre^^^^^^ f iiM.re iailnres and more niar^nnally cITtu tivt* achh^ve^i^^ 

at tile lower aplilude b vel in the lecture niodc. If CAI were assi^med to all students, re^'ardlcss of" 
aptilude level, avera^'e student achievement is increased, luit avera^'c lime saving' is reduced lo 
appro .\i mahdy I .'i-n . o . 

Leame r (ihanicle rislics ... ~ 

I'oremosI amoujz the learner ebaracteristics predi.ctivc of achievement and time-lo^omplele 
.JnstrucUon suecessfuIlN were the aplilude jneasures (Deha Heading' Voc abulary. (loncValecl l-.i^nircs^ 
aiid Memory Measures). Despite di lfereii»-es anion^' tbe;T(Mnses tin such fattt>rs as difficidty level. 



type of learning, and mode of instruelion, reading vocabulary emerged as the single best predictor of 
both achievement and completion rate. Such information further undbrscorcs the importance of 
reading vocabulary as one factor contributing to sqccessful performance". Whereas aptitude mea.suros 
were shown to be related signifieantly to subsequent I6arner performance in all throo courses 
biographical measures added significantly to prediction. Measures of achievement aspiration sclf- 
eoneept, field independence-dependence, and learner strategy preferences for processing 
information varied in magnitude among courses, and therefore, in the order of contribution to 
achievement or completion time predictions. It is important to recall these biographical self-report 




differences ranging from 4 to 14 percent within the three courses. Hence, requiring students to set 
personal achievement goals yielded systematic and beneficial effects upon subsequent performance. 

Similarly; field independent learners were found (a) to e.xeeed the achievement of field dependent 
learners in the more difficult Medical Laboratory course by 6 percentage points and (b) to require 
25% less time to complete instruction than their more field dependent peers. Thus, in aceordance 
with theory and previous research, field independence has been shown to be related to performance 
in complex tasks. Perhaps equally as important, field independent learners are more likHy to 
complete self-paced instruction faster (25% less time) than their.more field dependent peers. 

. Another learner characteristic, self-concept, was also found' s^ghificantly related to completion 
tune. High self concept learners completed instruction in less time (23% to 32% ) than learners with 
a low self-concept. .Thus,^self.pereeption in addition to other learner characteristics discussed herein 
would appear to be important variables in deciding whether an individual should be assigned to a' 
_jelf-paeed program. ^Furthermore, 'self-concept may be used to. identify learners for instructional 
strategies designed^to systematically produce suecess^^and thereby, an increase in a learner's self- 
worth; Nothing is likely to increase a person's low self-eoneept or subsequent effort more than the 
reward of success. 

Learner Strategy preferences from the Delta Biographieai gathered prior to theeoursc(s) were als6 
found to be signifieantly related to subsequent performanee. Preferences for active learning (e.g., 
paraphrasing as opposed to rote memorization or passive listening) resulted in' greater -performahee 
for aetive learning strategies. Additionally, preference, for interactive learning (e.g., discussion or 
peer instruction in contras; to more^passive instruction, such as audiovisual or lecture) was found to 
be related to subsequent performance differences. For example, learners in the Medical Laboratory 
course who preferred active/interactive modes of learning tended to score 6 to 8 percentage poihts 
more than learners who preferred the potentially more passive lecture and audiovisual instructional 
modes. Similar findings which Jiavc been reported (Dansereau et al., 1975, 1978; Deignan,: 1974) 
support and confirm the contribution of v^rio\is learner strategies to subsequerit performanee. More 
importantly, the development of learner strategy .skills in learners who use less .pffeetive methods of 
learning (Dansereau et al., 1978) would seem to be. a promising eost-effeetivc means of increasing 
proficiency if not also efficiency. ' 

C ha rac tensities^ of^ _ ' ^ ^ 

. Characteristics of high achievement-fast CAr learners were obtained through discriminant 
analysis of high and low achievement scorers in the CAI condition of each course. Major variables 
found to correctly classify 85% (^^^q =46.78, p ^ .001) of high and low CAI achievers in the 
Medical Laboratory, course included: (a) reading vocabulary, (b) learner strategy preferences for 
verbal paraphrasing as opposed to rote learning, (e) high as opposed to low self^oneept', (d) high as 
eontrasied with low level of achievement aspiration, and (e) preferences for reading as opposed to 
lectures. Major eharaclerislies of CAI learners who completed ihslruetion 25% faster (^^jQ =42,18, 
p ^.001) than their slower CAI counterparts included: (a) learners with relatively high feaying 

, ,,23.. 25 .■• 



vocal)iiIary scores, (h) higher educational hivel. (c) higher meinory scores, (d) more field 
independence, (e) possessed higher^chievemenl aspiration, and (f) Vvere taught hy a family member, / 
as opposed to their teacher, to readTWithin the Radiology course. CAI was instructionally more 
effective in 21% l«ss time (x^\{) =44.19. p ^7)01) for CAI learners who possessed high reading 
vocabulary, high achievement aspiration, were more field independent than dependent, and 
preferred verbal j)araphrasing to rote nieniorizaticn as a meansbf learning. Among these variables, 
CAI learners also reported on Delta Biographical pre-coursc measuresj.hey felt they had mastered 
instruction if th^:y could teach a peer the same subject matter: whfjrciisihe slower lower scoring CAI 
lea^^ler.s reported a'greater reliance on lectures or audiovisual^o learn. 
f ' • ■■■■'■■■-(/ , 

* ). earner characteristics conducive to high CAI achievement^in 20% less time in the Dental course^ 
ifs opposed to lower (fAI achie^vement and slower time.to coiupletion under CAI differ only slightly 
in characteristics from the "high-achieving, fast burners" in/the Medical Laboratory and Radiology , 
courses. Variables which correctly elassified BB% (x2i() =46.49. p ^.001) of the high and low^lAI. 
perforinfcs included relatively hig! ading vocabulary, preference for teaching a peer as a means of . 
CQnfirming their newly acquired knowledge, high achievement aspiration, pre-eourse preference for 
(i^\l as opposed to lecture modes.->bigb selfconcept. and eldest ordinal rank in one's immediate 
. family'. ' . , . 

V-To summarize the characteristics of high-fast CAI achievers in the three courses, it is concluded 
that (a) relatively high reading vocabulary skills, (b) high achievement aspirations to effect^such 
skills, and (c) skills and altitudes underlying learner strategy preferences are instrumental to 
performance outcomes. " ^ A'. 

Thus, in addition to differentially assigning learners to alternative instructional delivery modes- 
based upon aptitude/, it is suggested that motivational factors, e.g.. attitude, achievement aspiration, 
and learner strategies be considered. " » 

High-Fast vs. Low-Slow Prr Students 

* Characteristics of learners ifon whom PIT was. effective or ineffective were obtained through 
discriminant analysis of high and low achievement. scores in the PIT condition, yariables fo^nd to^ 
correctly classify 82% (x^g =27.37, p .=^.001) of the high and low PIT achievers in the Radiology " 
course included« (a) level of achievement aspiration, (b) self-determination to succeed, (c) learner 
strategy preferences for r jading good examples as opposed to preferences for audiovisual or lectures 
when instruction was difficult, and (d) higher versus lower reading vocabujary scores. Regarding 
timeto completion, PIT learners who completed instruction in 23% less time than their slower PIT 
counterparts were identified correctly 72% ix^-j = 14.66, p =^ .04) of the lime by (a) level of 
achievement aspiration, (b) higher ks opposed to^ lowec self-estimate of memory capability, (c) more' 
field. independent than dependent, and (d) preference for working alone as opposed ta..vy^orking with 
others. ' ^ ' • 

Based upon the foregoing data, PIT is likely to result in successful performance for students who 
possess'high levels of motivation in addition to prfefe^rence^or. and high aptitude in. reading. Jn 
identifying learners who progress faster than their peers in self-paced PIT courses sipiilar to the 
Radiology course, achievement aspiration, -^above* average memory capabilities." independence,, 
preierence for working alone arid, of course, adequate ability to read on one's own have been found 
to. constitute learner characteristics contributing to faster, as opposed to slower, progress. 

High vs. LowfAchievement Lecture Students y " 

, Major learner characteristics obtained through discriminant analysis which correctly classified 
85% (x^io "^^"^^'^^^ P ^ -^^^^ the. high and low achievers in lecture included: (a) higher as 
opposed to lower achievement aspiration, (b). higher in contrast to lower reading, vocabulary, (c) 
employed verbal paraphrasing as opposed to rote memorization as a learner strategy for acquiring 
knowledge; and (d) were more field independent than dependent. 




Pos t bis true dona 1 Attitude s 

Statistically significant data from the Delta Post-Instructional Attitude Questionnaires were not 
only important to determine the relative degree of acceptance or resistance toward C7M and rion-CAI 
(lecture or PIT), but also provided some ancillary information of instructional interest. For 
example, concentration to learn under the CAI condition appeared to require no more effort than 
concentration required to learn under non-CAI conditions. Indeed, the data indicated a greater 
(74% ) percentage of non-CA! students reported they had to really concentrate to learn than did 
counterpart CAI students (62%). Familiarization with the instructional medium, whether CAI, 
lecture, or PIT, however, was important; 65% of the CAI students and 61% of the non-CAI stuidents 
indicated they really enjoyed their respective medium once they had become familiarized. with iX. 
Both CAI and ncn-CAI students also agreed (75% CAI, 65% non-CAI) instructional presentations 
provided enough visual examples for learning. However, more CAI students (89% ) than non-CAI 
students (77% ) a^eed they learned best when a variety of visual examples was provided. In 

"addition, the need for more opportunities to practice what was being acq\iired indicated that a 
smaller percentage of the CAI students (44% ) as compared to non-CAI students (57% ) agreed that 

, more practice was needed. The interactive graphic capabilities of CAI for practice may account for 
the magnitude of this difference. Similarly, more CAI students (77% ) than non-CAI students (31% ) 
agreed they did a lot morie doing than passive listeniaig during instruction. 

Considering the impact of learner boredom upon al titudes toward alternative instructional media, 
i- 67% of the CAI students in contrast to 11% of'the controls, disagreed with the statement that CAI 
"was boring compared to lectures." Only 13% of the CAI students agreed CAI, compared to lectures, 
was boring. Student perception of boredom under CAI versus PIT conditions revealed that 61% of 
the CAI students and 19% of the controls agreed CAI compiled to PIT was not boring. A small 
percentage (10%) of the CAI students regarded CAI more boring than PIT. To complete the 
eomparativ^e analyses amorig CAI, PIT, and leqjjire, 57% of the CAI students in contrast to only 
' 30% of the controls regarded lectures more boring than PIT. However, 38% of the controls viewed 
PIT as more boring than lectures. In summary, GAI in comparison to lectures and PIT was less likely 
to be reacted to with feelings of boredom. The interactive, self-paced nature of C/,i might reasonably 
explain why CAI was more^resistanl to feelings of boredom than PIT or lecture. 

It is important to note that more CAI students (72% ) than non-CAI controls (51% ) agreed they 
were self-motivaled by the opportunity to complete instruction as quickly as possible. In addition, 
more than twice as many CAI students agreed (58% ) than disagreed (23%.) that they perceived 
themselves to successfully finish lessons faster at their«owri pace with CAI than in t-he classroom. 
, Achievement data indicated that the opportunity to complete instruction quickly did not adversely 
impact achievemctnt' compared tp^ counterpart controls. To the contrary, CAI achievement was 
markedly superior to controls in twq of the three courses. Hence, the opportunity to progress at the 
student's own pace under CAI conditions might be argued to facilitate achievement rather than 

- retard it. ' 

learner Media Preferences 

Preference among instructional media subsequent to media exposure indicated only 33% of the 
CAI students in contrast to 50% of the controls agreed that listening to a lecture was, in general, a 
J better way to learn than reading self-paced (CAI) materials. In brief, twice as many CAI students 
(50% ) preferred self-paced materials to lectures than did controls (25% ). 

- _ • , c<? ■ 

To the extent learning tasks involved difficult material, CAI students differed markedly from 
control students in preferences among lecture, audiovisual, PIT and CAI. The majority (72% ) of 
control students preferred lectures; whereas only 47% of the CAI students preferred lectures when 
material was difficult. Within the CAI condition solely, 31% of the students preferred CAI, 10% 



audiovisuul. 12% PIT. and 47% lecture when instructional material was difficult. Siinilarly. 40"^^ of 
the CAI students reported they performed better with CAI than with lecture: whereas 43% believed 
lecture facilitated their performance more so than CAI. Based upon these data, students who had 
experienced CAI were approximately equally divided in terms of attitudinal reactions toward CAI 
and lecture. Some indication of why CAI students Nvere divided on the question of whether CAI or 
lecture helped them perform better is perhaps explained in pari by student responses to the follo>ying 
attitude item: 78% of the CAI students agreed, whereas only 16% disagreed. CA I might be best used 
in leaching basic knowledge and instructors subsequently Used as discussion group leaders to ensure 
student understanding of critical subject matter. Given this framtv of reference, the majority (78% ) 
of students reflected a positive attitude tov/ard CAl. However, students indicated when material was 
especially difficult or integration of critical subject matter to ensure understanding was needed, the 
security of having a "real live" discussion group instructor was needed. 

Attitude Change 

Considering that prior to assignment to^CAl or non-CAl conditions, only 21% of the learners 
expected CAI to be more interesting than lecture, it is indeed noteworthy that subsequent to CAI 
experience. 56% of the CAI learners reported CAI was more interesting than lecture. Similar 
altitude change was found in the case of lecture: 56% of the learners to be later assigned to CAI 
expected lecture to be more interesting than CA5: whereas, after CA I exposure, only 32% felt lecture 
was more interesting than CAI. If a learner islo obtain the most from an instructional experience, an 
initial positive attitude is likely to increase learner skills employment and energize perception of the 
instrumentality of the situation for siiccessful performance. Hence, it is recommended that all 
students to be assigned to an unfamiliar method (e.g.. CAI) be provided with an orientation program 
prior to formal instruction to assist in making the unfamiliar, familiar (Tobias. 1976K Additionally, 
the simple act of setting achievement goals (achievement aspiration) was shown in the present 
investigation to be related significantly to subsequent performance. 

In summary, the majority of CAI students perceived CAI to be more interesting,- less boring, less 
time-^'onsuming, and more instructionally effective than wa''s lecture or PIT. However, when 
instruvuional material was especially difficult. CAJ students were divide^ preferences for lectures 
and CAI. Accordingly, the majority of CAI students agreed CAI should vbe employed to leach basic 
knowledge and instructors should be used to lead discussion groups to ensure student understanding 
, of critical subject matter or methods. From the standpoint of student testing, ho wever, more students 
agreed (74% ) than disagreed (11% ) "computer testing was impartial and therefore equally fair to all 
students." Hence, though approximately half of ihe CAI students preferred human instructors to 
CAI in complex subject matter areas, most of the students preferred the objectivity of the computer 
in student evaluation. In addition, prior to faniiliari/ation with CAL only 21% of the learners 
preferred CAI to lectiirc in contrast to 56% who preferred lecture to CAI. Given this initial, less than 
enthusiastic attitude toward CA I. CAl students on the average performed better than their controls. 
As a classic example of altitude change as a function of subsequent-experience. 56% of the CAI 
learners preferred CAI to lecture, post-instruclionally. 

V. (:()iN(:LUSK)NS AND RKCOMMKNDATONS 

From ail overall standpoint. CAI was found to be more effective than lecture or PIT. CAI was 
found to in(*reasc student achievement as much as 18 percentage points more than lecture controls, 
and 7 percentage points more than programmed text controls. Moreover. CAI student failure rates 
were consideral)ly less than programmed/ text controls. Though high aptitude CAI students 
completed instruction in 30% less time than low a|)titudc CAI students, low aptitude CAI students 



achieved greater instructional effectiveness in 17% less time than low aptitude programmed text 
controls. CAl t.rne to completion was also 60% less variable "than the self-paced programmed tevt 
completion time. 

" , . .... ..i . 

In the case of CAI vs. lecture, 'che following conclusions appear warranted: (a) significant time 
savings (29% to 33% ) were achieved by students assigned to CAI, (I,) low apiitude CAI students 
experienced greater achievem.ent and less failur,^ than iheir low aptitude lecture controls and (c) 
student attitudes toward CAI became more favorable as a result of CAI ekporience. 

Major characteristics of learners for whom CAI was more instructionaljy effective in less time 
included level of reading vocabulary, achievement aspiration, field independence, and learner 
strategy employed. Thus, performance differences in achievement and time can be expected to vary 
chiefly as a function of task-related learner characteristics, difficulty level, instructional medium 
assigned, and course-specific properties. 

Empirical evidence has substantiated the comparative instructional and time savings effectiveness 
of CAI overall and at specific aptitude level.. Additionally, cross-validated learner characteristics 
yielded profiles found to distinguish high-fast as opposed tc low-slow achievers in each course and 
treatment condition. Hence, given a self-paced environment, it is possible to differentially assign 
CAI to students for whom it is more effective. 

For instructional situations similar to those in this study, it is recommended that CAI be used as a 
primary medium of instruction. If CAI resources are limited, CAI should be assigned to high 
aptitude students and to those students identified as marginal performers as measured by selected 
preassessment measures. Such measures should include reading vocabulary, learner strategy, 
preferences, fif d independence-dependence, and achievement motivation. 
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^PP£iVZ)/:!f^; ACHIEVEMENT X AND SD B'V APTITUDE, TREATMENT, AND COURSE 
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APPENDIX B: TIME TO COMPLETION X AND SD BY APTITUDE. TREATM ENT. 

AND COURSE . 



Medical Laboratory 



Radiology 



Dental 



Aptitude 
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Low 
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315.54 
106.75 
237:24 

63.08 
226.80 

86.89 



APPENDIX C: MEAN PERCENTAGE ACHIEVEMENT AND MEAN TIME 
IN MINUTES TO COMPLETE INSTRUCTION IN THREE COURSES 



% Correcl Time to Complete 

Achievement Score Instruction CVlin) 

Croup . N \ SD X__ SD 

Medical Laboratory 

CAI " 93 88.94 13.51 " 469 220 

Lecture 98 75.12 13.84 540 0 

Radiology 

CAI .97 84.72 .; 8.14 240 65 

PIT 89 81.95 10.62 271 106 

\Dental 

CAI " 101 77.03 13.58 453 95 

Lecture 52 78.07 14.01 540 0 
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